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Introduction
Among the many problems facing chronically homeless people, the experience of alcohol-use disorders (AUDs) is one of the most widespread and physically debilitating. The prevalence of alcohol use in homeless populations has been estimated to be as high as 80% (Velasquez, Crouch, von Sternberg, & Grosdanis, 2000) , and a review of 29 studies conducted worldwide estimated a mean alcohol dependence prevalence of 37.9% (Fazel, Khosla, Doll, & Geddes, 2008) . Although there are very few studies addressing alcohol use among chronically homeless individuals, the prevalence of alcohol dependence in this population has been estimated to be even higher (Kuhn & Culhane, 1998) . Because alcohol dependence is associated with very high levels of alcohol-related harm and increased risk for alcohol-related deaths (Eyrich-Garg, Cacciola, Carise, Lynch, & McLellan, 2008; O'Connell, 2005) , effective approaches are needed to engage and address the issues facing chronically homeless people with AUDs.
Continuum model of housing and abstinence-based treatment for this population
Since the 1990s, the most widely used means of housing and service provision to chronically homeless people has been the "continuum-of-care model" of housing (U.S. Department of Housing and Urban Development, 2010) . This model typically requires individuals to fulfill certain requirements, such as alcohol abstinence achievement and treatment attendance, before they may transition from a shelter to transitional housing to permanent housing. These aspects of the continuum model of housing are complementary to the medical model of alcohol treatment. The medical model characterizes alcohol dependence as a "chronic, relapsing brain disease" that should be addressed using formal treatments that are designed to help people achieve and maintain abstinence (Leshner, 1997; National Institute on Drug Abuse, 2008) . The combined continuum/medical model therefore typically requires abstinence-based treatment and abstinence achievement to be bundled with supportive housing services (U.S. Department of Housing and Urban Development, 2010).
HF as a harm reduction approach to housing
In contrast to the continuum/medical model, Housing First (HF) is an approach to housing that advocates immediate, permanent, lowbarrier supportive housing that is not dependent upon the fulfillment of specific requirements, such as abstinence achievement and Addictive Behaviors 37 (2012) [931] [932] [933] [934] [935] [936] [937] [938] [939] treatment attendance (Larimer et al., 2009; Pearson, Locke, Montgomery, & Buron, 2007; Tsemberis, Gulcur, & Nakae, 2004) . HF is therefore consistent with harm-reduction approaches, which deemphasize pathologizing alcohol use and support the realization of client-driven goals that can reduce harm and improve quality of life Denning & Little, 2011; Marlatt, 1996) . These goals may but are not required to include abstinence (Harm Reduction Coalition, 2009; Robbins, Callahan, & Monahan, 2009; Zerger, 2002) .
One of the fundamental theoretical differences between the continuum/medical and HF/harm reduction models lies in the understanding of the mechanism by which individuals are likely to change their behavior to support a variety of goals (e.g., housing stability, alcohol behavior change). The continuum/medical model holds that alcohol behavior change-particularly among more severely dependent populations-is optimally achieved through external structure, such as treatment attendance and rewarding more "desirable" behavior, such as abstinence achievement, with permanent housing (U.S. Department of Housing and Urban Development, 2010) . In contrast, the HF/harm reduction model is built on the assertion that behavior change is most lasting if it is client-driven and thereby reflects clients' own motivation to change (Tsemberis et al., 2004 ).
Motivation to change and alcohol outcomes
Motivation to change (MTC) has been described as a multidimensional, dynamic construct that represents one's openness to enter into a behavior change strategy (Miller, 1999) . To the authors' knowledge, only three studies to date have explored MTC in regards to substance use among homeless adults. In the first of these studies, which involved 342 homeless individuals with co-occurring psychiatric and substance-use disorders, bivariate correlations indicated that higher baseline levels of MTC and readiness for treatment were associated with higher baseline levels of alcohol and other drug use, housing instability and psychiatric severity (De Leon, Sacks, Staines, & McKendrick, 1999) . Thus, MTC in this sample appeared to represent participants' problem recognition rather than taking steps toward behavior change. In a study of 100 homeless adults in a shelter program, over half of the participants reported they drank "too much," which again reflected problem recognition, whereas a smaller minority reported currently taking steps to change their behavior (Velasquez et al., 2000) . Finally, a more recent study of 370 homeless and housed patients in an acute care setting showed that homeless individuals were more likely to report being in the "action" stage of change than housed individuals (O'Toole, Pollini, Ford, & Bigelow, 2008) . Thus, these individuals were more likely than their housed counterparts to report taking steps toward changing their alcohol-use behavior.
Although the findings are not entirely consistent, these three studies showed that most participants had some interest in changing their substance use and that some were actively taking steps toward that goal-despite the fact that most were neither abstinent nor involved in abstinence-based treatment. These studies also highlight an important literature gap: there are no studies to date testing the longitudinal associations between MTC and alcohol outcomes among chronically homeless individuals.
Abstinence-based treatment and alcohol outcomes
The literature on the associations between abstinence-based treatment and alcohol outcomes are mixed for homeless populations. Although literature reviews suggest that abstinence-based approaches for homeless individuals are associated with modest improvements in alcohol outcomes (Hwang, Tolomiczenko, Kouyoumdjian, & Garner, 2006; Zerger, 2002) , these improvements are only experienced by the few who are fully engaged and retained in treatment. In fact, studies show that few homeless people start treatment (15-28%) (Rosenheck et al., 1998; Wenzel et al., 2001) , and of those who start treatment, few complete it (2.5-33%) (Orwin, Garrison-Mogren, Jacobs, & Sonnefeld, 1999 ). An NIAAA review of US alcohol and drug treatment programs showed that treatment engagement in this population decreased as program demands-particularly abstinence from substances-increased (Orwin et al., 1999) . This finding has recently been corroborated by research showing greater retention and decreased substance use among participants in Housing First programs compared to abstinence-based housing requiring treatment attendance (Padgett, Stanhope, Henwood, & Stefancic, 2011) .
Studies have begun to explore potential factors underlying the failure of abstinence-based treatment to adequately engage and thereby optimally treat this population as a whole. Qualitative studies have documented that many chronically homeless individuals do not find abstinence-based goals and treatments to be acceptable or desirable Padgett, Henwood, Abrams, & Davis, 2008) . Such negative evaluations of abstinence-based treatment are correlated with decreased treatment attendance and poorer treatment outcomes (Long, Williams, Midgley, & Hollin, 2000; Pettinati, Monterosso, Lipkin, & Volpicelli, 2003) . Relatedly, both theory and empirical data suggest that repeated failed treatment attempts may erode self-efficacy and selfcontrol for later behavioral change (Marlatt & Gordon, 1985; Muraven & Baumeister, 2000) . Our recent documentation of a mean of 16 failed lifetime treatment attempts in a sample of chronically homeless individuals with AUDs highlights the obvious obstacles to abstinence achievement (Larimer et al., 2009 ). On the other hand, many of the same individuals who were not motivated for abstinence-based treatment did express interest in changing their drinking to reduce alcohol-related problems . Further, in another recent study on this population, we found that chronically homeless individuals with AUDs who moved into project-based HF significantly reduced their alcohol use and related problems over a two-year period (Collins, Malone, et al., 2012) .
Current study aims and hypotheses
The current, secondary study was conducted to quantitatively explore potential mechanisms associated with these improved, twoyear alcohol-use outcomes following exposure to a project-based HF program (see Collins, Malone, et al., 2012 for more information on the parent study). Specifically, we tested the relative strength of both MTC and abstinence-based treatment attendance in predicting alcohol quantity, frequency and problems among chronically homeless people with AUDs for two years after their move into a project-based HF program. In doing so, we are adding to the sparse literature on the association between MTC, treatment and longitudinal alcohol outcomes for this population. We are also extending the current literature, which to our knowledge, does not yet comprise a study testing the relative contributions of internal, self-change oriented constructs (e.g., MTC) versus formal treatment attendance to alcohol behavior change in a project-based HF setting. Based on the current literature on abstinencebased treatment attendance for this population (Orwin et al., 1999) , self-change (Klingemann, Sobell, & Sobell, 2010) and our own research observations Collins, Malone, et al., 2012) , we hypothesized that alcohol-use outcomes would be more strongly associated with MTC versus treatment attendance.
Material and methods
This study features secondary analyses of data (Collins, Malone, et al., 2012) , which were collected in the context of a larger, nonrandomized controlled trial comparing the effects of an HF intervention and a wait-list control condition on public system utilization and associated costs (Larimer et al., 2009) . For more detailed information on the within-subjects' design, methods and 2-year alcohol-use findings, please refer to the parent study (i.e., Collins, Malone, et al., 2012) .
Participants
Participants (N = 95; 6.3% women) were chronically homeless individuals with alcohol problems who had been allocated to receive an HF intervention (see Table 1 for sample description). Participants were drawn from 2 sources: (1) a rank-ordered list of individuals who had incurred the highest public costs for alcohol-related use of emergency services, hospital, sobering center (i.e., a local sleep-off facility), and county jail in 2004 and (2) a list of eligible individuals suggested by community providers familiar with the target population.
Measures

Demographic variables for sample description
Descriptive information, including age, gender, ethnicity, education, employment, partnership status, and housing history, was assessed using single items during the baseline interview to provide sample description.
Predictors and covariates
The Stages of Change Readiness and Treatment Eagerness Scale (SOCRATES; Miller & Tonigan, 1996) comprises 19 items assessing MTC on three factors (i.e., Ambivalence, Recognition, Taking Steps). Participants rated each item on a five-point Likert scale, where 1 = strongly disagree and 5 = strongly agree. Thus, higher agreement ratings for each item of a given scale corresponded to greater selfreported ambivalence or concern about alcohol use, recognition of alcohol-related problems, and taking steps toward actual alcohol-use behavior change, respectively. Mean scores were created to maximize available data and to place the scores on the same 1-5 scale. The reliability of the three factors was adequate in the current study (α = .70-.91).
Treatment attendance was recorded using three items from the ASI Current Substance Use Assessment that assessed attendance at substance abuse treatment in the past 30 days (McLellan, Kushner, Metzger, & Peters, 1992) . Items were collapsed to represent any substance abuse treatment attendance (drug or alcohol; inpatient or outpatient) and were dummy coded, where 1 = attended and 0 = did not attend. We collapsed the treatment attendance variables to ensure we included abstinence-based treatment episodes that addressed participants' potentially overlapping polysubstance use and to thereby capture any and all exposure to abstinence-based treatments.
Mortality, including all causes of death during the two-year study, was ascertained using agency records. Mortality was included as a dummy-coded covariate to parallel previous analyses (Collins, Malone, et al., 2012; Larimer et al., 2009) , and to account for the fact that the resulting data missingness can affect overall modeling of alcohol-use outcomes in a group that experiences higher mortality due to conditions related to alcohol dependence (Public HealthSeattle and King County, 2004).
Outcome variables
The Alcohol Use Quantity Form was modified from the Timeline Followback for use with this population (Larimer et al., 2009; Sobell & Sobell, 1992) , and yielded alcohol quantity on typical and peak drinking occasions in the past 30 days (typical and peak quantity). Drinking to the point of intoxication in the past 30 days was assessed using a single item from the ASI Current Substance Use Assessment and was dummy-coded (McLellan et al., 1992) . Alcohol-related problems were measured at each interview using the 15-item Short Inventory of Problems (SIP-2R; Blanchard, Morgenstern, Morgan, Labouvie, & Bux, 2003) , which was adapted from the Inventory of Drug Use Consequences-2R (InDUC-2R; Miller, Tonigan, & Longabaugh, 1995) . This measure assesses impulse control; social responsibility; and physical, interpersonal, and intrapersonal consequences of alcohol use. The SIP-2R summary score has been shown to be both reliable and valid in substance-using populations (Kenna, Longabaugh, Gogineni, & Woolard, 2005) . Frequency of delirium tremens (DTs; severe symptom of acute alcohol withdrawal) was measured using a single item from the ASI Current Substance Use Assessment (McLellan et al., 1992) . This item was dummy-coded to reflect any versus no self-reported DTs in the last 30 days. Alcohol dependence was assessed using the Alcohol Dependence Checklist. This measure includes dichotomous, self-report items that correspond to DSM-IV-TR criteria for alcohol dependence (American Psychiatric Association, 2000) . The items were summed (K-R = .70), and a cutoff of 3 symptoms was used to generate a dummycoded variable indicating presence/absence of symptoms congruent with alcohol dependence.
Procedure
Housing program staff offered housing to people in the recruitment pool who were found in the community. Once housing was filled (capacity is 75 beds), additional participants were added to a wait-list. Verbal consent for the parent study was collected by housing program staff. Interested individuals then met with research staff for an information session for which they were compensated $5, regardless of study participation. Those who still wished to participate either completed the baseline assessment immediately or were scheduled for subsequent appointments. Written, informed consent was obtained at baseline. Next, participants were verbally administered the questionnaires described above as part of a larger questionnaire battery. Participants were paid $20 for all data collection interviews, which occurred at baseline and 3-, 6-, 9-, 12-, 18-and 24-month follow-ups.
Waitlisted participants were moved into the housing project when turnover occurred. Individuals moving into housing within the first three months of study enrollment (n = 20) were also included in the current study (N = 95). The remaining wait-list control participants were not systematically assessed after the first 9 months 
Data analysis plan
Population-averaged generalized estimating equations (GEE; Zeger & Liang, 1986) were used to test the following nested models. The first model was the reduced, covariates-only model and included a) centered, linear time, to control for the simple time effects that could reflect some regression to the mean; and b) mortality. The second model included the centered MTC variables (i.e., Recognition, Ambivalence and Taking Steps mean scores) and two-way time × MTC interactions. The third model examined the additive effects of substance abuse treatment attendance and the time × treatment attendance interaction. The relative fit of the models was determined using quasilikelihood under the independence model information criterion (QICu) score (i.e., a lower score indicates a better-fitting model; Hardin & Hilbe, 2003) and the Wald test, which tests whether the joint contributions of specified variables (e.g., the addition of treatment attendance to the nested model) are significantly different from zero.
Alcohol-related variables consisted of 30-day quantity-frequency outcomes (i.e., typical and peak quantity, drinking to intoxication); 3-month experience of alcohol-related problems (i.e., SIP summary score, DTs); and self-report of DSM-IV-TR criteria congruent with alcohol dependence. Because alcohol-related outcomes were recoded dichotomously or were positively skewed, overdispersed counts/ integers (Neal & Simons, 2007) , we specified Bernoulli (with logit link) and negative binomial (with log link) distributions, respectively. Repeated measures on one case served as the sole clustering variable. Because the data were clustered, unbalanced and evinced gaps for some participants, we used an exchangeable correlation structure to ensure model convergence (Hardin & Hilbe, 2003) . To enhance model interpretability, exponentiated coefficients (e.g., odds ratios, incident rate ratios) were used. Alpha was set to p = .05, and confidence intervals were set to 95%.
Results
Exploratory data analyses
Participant response rates were 100%, 82%, 79%, 79%, 80%, 79% and 61% for each respective assessment throughout the 2-year follow-up. Logistic regressions indicated that baseline drinking, demographic, and motivational variables did not significantly predict missingness on corresponding outcome variables at the follow-up points (ps > .12). Although missingness occurring completely at random cannot be directly tested because the probability of missingness on the outcome variable is assessed as a function of the values of both predictors and outcome variables, these tests suggested that the missingness mechanism may be "ignorable" for the primary analyses (Allison, 2001) . Further, the current analyses, which use maximum likelihood estimation, can minimize bias that may otherwise be introduced in the case of listwise data deletion (Allison, 2001 ).
Descriptive analyses
Participants in this study evinced relatively high, yet decreasing scores on alcohol-use variables over the two-year follow-up (see Table 2 ). On the other hand, participants evinced relatively consistent MTC scores (see Table 2 ). Using the original Likert scale, where 1 = strongly disagree and 5 = strongly agree, participants showed mean responses primarily consistent with the "undecided or unsure" level of the scale for Recognition (overall M = 3.66, SD = .98), Ambivalence (overall M = 3.28, SD = 1.03), and Taking Steps (overall M = 3.10, SD = 1.05) over the two-year period. Regarding treatment attendance, 47.4% (45/95) of participants reported attending treatment at some point during the two-year follow-up. Only one participant, however, reported continuous participation in treatment. Of those who did attend treatment, the majority reported attending during only one time period during the two-year follow-up (51.4%; 23/45).
Correlations between MTC and treatment attendance predictors
Point-biserial correlations were conducted to document the correlations among MTC (SOCRATES ambivalence, recognition and taking steps scales) and treatment attendance predictor variables. Treatment attendance and recognition (r pb = .21, p = .0001) and taking steps (r pb = .22, p = .0001) evinced significant yet weak positive correlations, whereas treatment attendance and ambivalence did not (r pb = −.04, p = .34).
Generalized estimating equation models
Typical alcohol quantity
The MTC model was significant, Wald χ 2 (8, N = 95) = 65.70, p b .001, and contributed significantly above and beyond the covariates alone, χ 2 (6) = 53.68, p b .001. Each one-point increase on the Recognition and Taking Steps scales was associated with 34% higher and 19% lower typical drinking quantity, respectively (see Table 3 for model parameters). The QICu statistic indicated that the full model, Wald χ 2 (10, N=94)=73.47, pb .001, QICu =601, including treatment effects, was better-fitting than the MTC-only model (QICu =624). On the other hand, the Wald test (p=.27) and individual parameter tests (ps>.10) indicated that the effects of treatment attendance in the last 30 days did not significantly contribute to the prediction of drinking outcomes.
Peak alcohol quantity
The MTC model was significant, Wald χ 2 (8, N = 95) = 49.88, p b .001, and added significantly to the covariates-only reduced model, χ 2 (6) = 28.31, p b .001. As shown in Table 3 , each one-point increase on Recognition and Taking Steps scales was associated with 26% higher and 17% lower peak drinking rates, respectively. No time × MTC variable interactions were significant (ps > .16). The QICu statistic indicated that the full model, Wald χ 2 (10, N = 94) = 50.43, p b .001, QICu = 638, including treatment effects, was better-fitting than the MTC model (QICu = 663). However, the Wald test (p = .15) and individual parameter tests (ps > .06) indicated that the effects of treatment attendance did not significantly contribute to the prediction of peak quantity.
Days not drinking to intoxication
The MTC model was significant, Wald χ 2 (8, N = 95) = 61.82, p b .001, and added significantly to the covariates-only reduced model, χ 2 (6) = 41.12, p b .001. As shown in Table 3 , each one-point increase on Recognition and Taking Steps scales was associated with one-third lower and 2.3 times higher odds of reporting at least one day not drinking to intoxication, respectively. No time × MTC variable interactions were significant (ps > .61). The QICu statistic indicated that the full model, Wald χ 2 (10, N = 94) = 51.79, p b .001, QICu = 533, including treatment effects, was better-fitting than the MTC model (QICu = 556). However, the Wald test (p = .21) and individual parameter tests (ps > .13) indicated that the effects of treatment attendance did not significantly contribute to the prediction of days not drinking to intoxication.
Alcohol-related problems
The MTC model was significant, Wald χ 2 (8, N = 94) = 127.79, p b .001, and added significantly to the covariates-only reduced model, χ 2 (6) = 124.81, p b .001. As shown in Table 3 , each onepoint increase on Ambivalence and Recognition scales was associated with 13% and 66% higher rates of alcohol-related problem experience, respectively. Additionally, the time × Recognition and the time × Taking Steps interactions were significant. These interactions indicated that each one-point increase in Recognition corresponded to a 4% increase in alcohol-related problems every three months; whereas each one-point increase on Taking Steps corresponded to a 3% decrease in alcoholrelated problems every three months. The QICu statistic indicated that the full model, Wald χ 2 (10, N = 93) = 153.97, p b .001, QICu = 412, including treatment effects, was better-fitting than the MTC model (QICu = 434). The Wald test supported this finding, χ 2 (2) = 12.37, p = .002, and individual parameter tests indicated that, averaged over the course of the study, treatment attendance was associated with a 23% higher experience of alcohol-related problems (see Table 3 ). On the other hand, treatment attendance was not associated with longitudinal change in alcohol-related problems experienced (p =.96).
Experience of delirium tremens
The MTC model was significant, Wald χ 2 (8, N = 95) = 61.70, p b .001, and contributed significantly above and beyond the covariates-only reduced model, χ 2 (6) = 22.87, p b .001. Each onepoint increase on the Recognition scale was associated with 56% higher odds of self-reported DTs (see Table 3 ). No time × MTC interactions were significant (ps > .61). The QICu statistic indicated that the full model, Wald χ 2 (10, N = 94) = 61.19, p b .001, QICu = 620, including treatment effects, was better-fitting than the MTC model (QICu = 643). The Wald test, however, did not support the model fit analyses (p = .15), and there were no significant treatment effects (ps>.08).
Symptoms congruent with alcohol dependence
The MTC model was significant, Wald χ 2 (8, N=95)=47.08, pb .001, and contributed significantly above and beyond the covariates-only reduced model, χ 2 (6) =38.08, pb .001. As shown in Table 3 , each onepoint increase on the Ambivalence and Recognition scales was associated with 1.5 and over 2 times the odds of reporting symptoms congruent with alcohol dependence, respectively. No time ×MTC variable interactions were significant (ps>.20). The QICu statistic indicated that the full model, Wald χ 2 (10, N=94)=52.01, pb .001, QICu =394, including treatment effects, was better-fitting than the MTC model (QICu =409). The Wald test (p=.21) and individual parameter tests (ps >.10), however, indicated that the effects of treatment attendance did not significantly contribute to the prediction of alcohol dependence.
Discussion
In a previous study, we found a consistent association between exposure to a project-based HF intervention and two-year decreases in alcohol-use outcomes among formerly chronically homeless individuals with alcohol problems (Collins, Malone, et al., 2012) . In this secondary analysis, we tested potential motivational and treatment-related correlates of these findings. As hypothesized, we found that aspects of MTC, as measured by the ambivalence, recognition and taking steps scales of the SOCRATES, were associated with alcohol-use outcomes. On the other hand, treatment attendance, an oft-cited underlying change mechanism, did not consistently add to the prediction of alcohol-use outcomes.
MTC as a predictor of alcohol-use outcomes
"Recognition" of problem drinking was consistently associated with greater overall alcohol-use during the two-year follow-up. Although it seems contradictory, this finding corresponds to the MTC literature, which suggests that recognition may serve as a proxy for drinkers' awareness of their alcohol-related problems and heavy drinking (Carey, Purnine, Maisto, & Carey, 1999; Collins, Logan, & Neighbors, 2010; Maisto et al., 2011) . Problem recognition has been acknowledged as an early step in movement toward behavior change and was included in the SOCRATES to represent the transition between the precontemplation and determination stages of change (W. R. Miller & Tonigan, 1996) . It does not, however, necessarily follow that people who recognize their own alcohol problems will actually engage in subsequent behavior change. Recognition may therefore represent a necessary but not sufficient condition for alcohol behavior change that must also occur in the presence of people's belief that change is important and possible (Miller & Rollnick, 2002; Rollnick, 1998) .
"Ambivalence" about alcohol use is represented by items such as "sometimes I wonder if I am an alcoholic" and "sometimes I wonder if my drinking is hurting other people." The ambivalence scale was positively associated with self-reported alcohol-problem experience and odds of reporting symptoms congruent with alcohol dependence. These findings are somewhat similar to those from a previous study with patients who were dually diagnosed with persistent and severe mental illness and alcohol dependence (Zhang, Harmon, Werkner, & Arthur, 2004) . In that study, greater baseline ambivalence was associated with greater alcohol quantity at the 9-month follow-up (Zhang et al., 2004) . In this study-similar to the findings for recognition-ambivalence appeared instead to reflect an awareness or contemplation of alcohol-related problems that did not necessarily translate into actual alcohol behavior change.
The "Taking Steps" scale represents an individual's movement into the "action" stage of change (Miller & Tonigan, 1996) , and includes items such as "I have already started making some changes in my drinking" and "I am actively doing things now to cut down or stop drinking." This is the scale of the SOCRATES that has been most consistently associated with improved longitudinal alcohol outcomes (Carey et al., 1999) , and of the three SOCRATES scales, it is most closely identifiable with what is commonly considered motivation to change. This scale predicted lower alcohol quantity on typical and peak drinking occasions and greater odds of reporting days not drinking to intoxication averaged over the 2-year follow-up. Taking steps also predicted longitudinal reductions in alcohol-related problems over time. Thus, greater self-reported action toward alcohol-behavior change was correlated with improved alcohol-use outcomes. This finding corresponds to those of other studies showing a similar inverse relationship between individuals' MTC and alcohol consumption (Bertholet, Cheng, Palfai, Samet, & Saitz, 2009; Demmel, Beck, Richter, & Reker, 2004) . Despite significant contributions of MTC variables, linear time often continued to predict longitudinal alcohol-use outcomes after controlling for MTC. Thus, the MTC variables included in these analyses were not sufficient to explain all of the variance in alcohol use and problems. Further study is needed to examine the potential additive contributions of other measures of MTC, including selfefficacy for change, goals/strivings and decisional balance (Miller, 1999) . Finally, although main effects of MTC factors were predictive of alcohol outcomes, most of the time × MTC interactions were not. There were a few exceptions: greater recognition of problem drinking predicted increases in alcohol-related problems over the two-year period, and taking steps toward alcohol behavior change predicted reductions in alcohol-related problems. Taken together, these findings correspond to other findings in the literature (Carey et al., 1999; Collins et al., 2010; Maisto et al., 2011) , and suggest that higher scores on recognition and ambivalence reflect an increased consciousness of alcohol use and related problems, whereas taking steps is associated with lower levels of drinking, albeit not always with a linear, longitudinal decrease.
Treatment attendance as a predictor of alcohol-use outcomes
We also tested the ability of self-reported substance abuse treatment attendance to predict alcohol-use outcomes. Although 47% of participants reported attending treatment at least once over the past two years, only one individual reported regular treatment attendance. In the primary analyses, we found that treatment attendance was not consistently associated with alcohol-use outcomes. There was one exception to this finding: treatment attendance predicted greater levels of alcohol-related problems over the 2-year follow-up. The latter finding suggests that treatment attendance may serve as a proxy for alcohol problem severity, such that greater problem experience would increase one's likelihood of being either informally (e.g., via friends, family, housing staff) or formally (e.g., via the criminal justice system) persuaded into treatment. Further, as shown in other studies involving homeless substance users, some individuals may seek out treatment as a brief respite from the negative consequences of substance use but not necessarily to achieve longer-term abstinence (O'Toole, Pollini, Ford, & Bigelow, 2006; O'Toole et al., 2008) . Finally, this is a very treatmentexperienced population, which may have made the relative impact of yet another treatment experience less powerful. As previously mentioned, theory and empirical data suggest that repeated failed treatment attempts may erode self-efficacy and self-control for later behavioral change (Marlatt & Gordon, 1985; Muraven & Baumeister, 2000) .
The findings regarding treatment attendance challenge the continuum/medical model that dominates mainstream housing and treatment approaches for this population. The continuum/medical model holds that alcohol-dependent individuals must be exposed to abstinence-based treatment to achieve alcohol behavior change (Cloud, McKiernan, & Cooper, 2003 ; Institute of Medicine (IOM), 1990; National Institute on Drug Abuse, 2008). In contrast, the current findings support the HF/harm reduction stance that MTC-an internal commitment to change-is a more important factor in alcohol-use behavior change than formal treatment attendance.
On the other hand, it is possible that MTC leads some individuals to seek formalized abstinence-based treatment, and abstinence-based treatment may be helpful if that individual's MTC is in-line with the treatment facility's goals and style (Denning & Little, 2011) . Further, the current findings may reflect activation of retained knowledge gained during participants' previous treatment episodes. That said, our findings indicate that behavior change can and does occur within a HF/harm reduction approach, even in a severely affected segment of the larger homeless population. These findings therefore suggest the need for further development of alcohol-specific, harm-reduction approaches that better support individuals' MTC, are compatible with HF, and may serve as more effective alternatives to abstinence-based treatment among chronically homeless individuals with alcohol problems.
Limitations
There are some limitations that warrant discussion. First, we used self-report measures to assess the predictor and outcome variables in this study. Self-report can be subject to inaccuracy due to cognitive impairment, memory biases, social desirability and item wording (Belli, 1998; Bickart, Phillips, & Blair, 2006; Garry, Sharman, Feldman, Marlatt, & Loftus, 2002; Langenbucher & Merrill, 2001; Yoshino & Kato, 1995) , and these inherent limitations may have affected the current findings. There is, however, also evidence supporting the validity of the self-report data in this study. Questions were piloted and developed with the current population in mind and therefore focused on the discrete, recent and manageable timeframes recommended by researchers working with homeless populations (Clifasefi, Collins, Tanzer, Burlingham, & Larimer, 2011; Gelberg & Siecke, 1997) and alcohol-use outcomes (Maisto, Sobell, & Sobell, 1982) . Further, a psychometric study conducted parallel to the current study indicated that participants' self-reported, 30-day service utilization showed acceptable concordance with archival records . Taken together, these means of enhancing the validity of self-report have increased our confidence in the current findings.
Next, we used a limited number of variables to assess and compare the relative associations of MTC (SOCRATES questionnaire) and self-reported treatment attendance with alcohol-outcome variables. Because MTC is a complex latent factor, we have certainly omitted some aspects that were beyond the scope of the current study (Collins, Carey, & Otto, 2009; Curry, Grothaus, & McBride, 1997; Miller, 1999; Rollnick, Heather, Gold, & Hall, 1992; Ryan & Deci, 2000) . Further, the treatment attendance variables used in the current study did not take into account the likely heterogeneity in treatment modality, intensity and length. Such a broadly defined treatment attendance variable may have weakened the treatment effect compared to more differentiated treatment attendance variables. Further studies are needed to test a more differentiated set of indicators that may more fully encompass and test these constructs.
The 61% retention rate at the 24-month time period is another limitation of this study. The resulting data missingness may have introduced bias into the dataset and reduced power to find significant effects (Allison, 2001) . Although this limitation may restrict the conclusions that can be drawn, the robustness of the current findings is encouraging. Further, the decreased participation was not due to study attrition per se. Toward the end of the study, the research team added the 24-month follow-up to increase the overall follow-up period. This change in protocol required the research team to locate, reconsent and assess participants within a shortened data collection window. Thus, data missingness does not represent attrition as much as it reflects changes to the research protocol.
Because we did not have a continuum/medical model group to serve as a contrasting condition, this design did not allow us to test housing type×MTC/treatment interaction effects. Future studies may randomize participants to these two housing conditions to parse out the potential moderating effects of different housing models (i.e., HF/harm reduction and continuum/medical models) and MTC/treatment on alcohol-use outcomes. Finally, this study was conducted with a specific segment of the homeless population in a specialized setting (i.e., a single, project-based HF program) and its larger social context (i.e., location in a progressive, urban setting in a mid-sized city in the US Pacific northwest). The generalizability of the current findings should be carefully considered in their interpretation and application within other populations, settings and approaches.
Conclusions and future directions
Concerns about HF for individuals with substance-use problems have hinged on the premise that the absence of external motivators, such as treatment and abstinence requirements, may remove incentives to change substance-use behavior (Jamieson, 2002; Kertesz, Crouch, Milby, Cusimano, & Schumacher, 2009; Milby et al., 2010) . A previous study exploring the association of HF and alcohol-use outcomes indicated that this is not necessarily the case: participants receiving a project-based HF intervention reduced their alcohol use and experience of alcohol-related problems over a two-year followup as a function of length of exposure to HF (Collins, Malone, et al., 2012; Larimer et al., 2009 ). The current secondary study explored potential underlying mechanisms associated with these decreases and found that MTC was a more consistent predictor of alcohol-use outcomes than treatment attendance. The fact that treatment attendance was not associated with alcohol-use outcomes in the expected direction suggests that eliciting, supporting and enhancing residents' MTC might be a more helpful means of promoting improved alcohol-use outcomes in this population. Future studies are planned to test alcohol-specific, harm reduction interventions that are compatible with project-based HF and provide additional support for motivation to change alcohol-use behavior among chronically homeless individuals with alcohol problems.
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